In recent years, considerable efforts have been focused on the minimisation of negative impacts caused by the harvest of marine ornamental species from the wild (Wood, 2001) . Nevertheless, the marine segment of the aquarium trade industry still predominantly relies on wild collected specimens, with over 90% of the traded species being taken from coral reefs (Tlusty, 2002) . The growing demand of highly priced marine ornamentals has contributed to the endangered status of certain groups such as syngnathid fishes, stony corals, and giant clams (Bruckner, 2001) .
Although fishes and corals are still the most heavily traded ornamental marine species for the aquarium, many decapod species are also highly popular among hobbyists. In addition, a few freshwater decapods have also been recently targeted by the aquarium trade (Lukhaup, 2002) : species of Caridina H. Milne Edwards, 1837; Neocaridina Kubo, 1938; and Cherax Erishson, 1846 . Marine decapods receive the ''ornamental status'' mainly because of their dazzling coloration and delicacy, hardiness in captivity, and by being ''reef safe'' (they do not harm other aquarium organisms, see Sprung, 2001) . Nevertheless, if a species presents mimetic adaptations, displays associative behaviour (particularly fish cleaning and symbiotic association), or performs a specific function on the reef aquarium (such as eating nuisance organisms), it may also be targeted by the marine ornamental industry.
The efforts on conservation and management of decapod crustaceans have long been entirely focused on crustacean fisheries for human consumption. However, once ignored crustacean species are now highly valued resources, commending high market prices in the aquarium industry. The growing awareness on the pres-sure caused by the harvest of wild populations has urged the need to implement sustainable collection practices and regulations to develop proper culture technologies (Calado et al., 2003) . The objective of the present work is to present a list of decapod crustaceans currently traded in the marine aquarium industry, highlighting possible ecological impacts of their harvest from the wild, and the main bottlenecks impairing the commercial culture of these species. Possible management and conservation guidelines to preserve these highly priced marine resources are also suggested.
MATERIALS AND METHODS
In order to evaluate the number of decapod species currently traded in the marine aquarium industry, monthly surveys were conducted year round during 2002. Information was gathered from eight Portuguese aquarium retail stores, seven virtual pet stores on the World Wide Web (one Portuguese, one German, one British, and four North American), and two marine aquarium hobby magazines (Tropical Fish Hobbyist and Marine and Freshwater Aquarium) . This preliminary list was complemented with the marine ornamental decapod species listed in Debelius (1984) , Baensch and Debelius (1994) , Fosså and Nielsen (2000) , Dakin (2001 ), Fenner (2001 ), and Sprung (2001 . In addition, several decapod species from European warm temperate and subtropical waters were included, because recent studies have revealed the potential use of such species in the marine aquarium trade.
The average unitary retail value of the most heavily traded ornamental decapods was estimated based on the prices presented by virtual pet stores on the World Wide Web.
Species were grouped according to the classification proposed by Martin and Davis (2001) .
RESULTS
The most heavily traded marine tropical decapods, as well as potential ornamental species from European warm temperate and subtropical waters, are listed in Tables 1-4. Caridean shrimp species (49) clearly outnumber other decapod groups, with the Hippolytidae family alone accounting for 15 species. Anomuran and brachyuran crabs are the next two most traded groups, with 32 and 27 species respectively. Diogenid hermits clearly are the most popular anomuran species (20 species). The pricey Stenopodidean shrimp, Astacidea, and Palinura lobsters are represented by a considerably lower number of species (7, 7, and 6 species, respectively) ( Fig. 1) .
For the majority of species, larval development is either unknown or partially described (Tables 1-4) . Even for the best-studied group, the brachyuran crabs (particularly majids), information on larval development only exists for a reduced number of species (Table 4) .
Several ornamental decapod groups, especially caridean shrimp, display associative behaviour, either with invertebrate or vertebrate organisms (Tables 1-4) . Certain caridean and stenopodidean shrimp are believed to be fish cleaners (e.g., Lysmata amboinensis, L. debelius, L. grabhami, and Stenopus hispidus), whereas Alpheus and Periclimenes are known to live in close association with fish and invertebrates, respectively. Suitable commercial culture techniques for marine ornamental decapods are still far from being established. Caridean and stenopodidean shrimp species have the highest number of established culture methodologies for traded species (10% and 14%, respectively) or for which culture methodologies are now being developed (43% and 12%, respectively). No study has addressed the culture of ornamental palinurid lobsters or anomuran crabs at a commercial level (Fig. 2) .
Though some brachyuran and anomuran crabs also attain high market values (e.g., Lybia tessalata (Latreille, 1812), Percnon gibbesi (H. Milne Edwards, 1853), and Manucomplanus varians (Benedict, 1892)), lobsters and caridean and stenopodidean shrimp are the groups commanding the highest market prices (Table  5 ). The high prices of certain paired specimens (e.g., Hymenocera and Stenopus) is a consequence of their agonistic responses towards conspecifics of the same sex.
DISCUSSION
Important bottlenecks impairing ornamental decapod culture (namely larviculture and broodstock maintenance) have been partially overcome in recent years (Calado et al., 2003) . However, research efforts are still being focused on a very small number of traded species of the genus Lysmata, Stenopus, and Hymenocera. Provenzano, 1968;  7 Goldstein and Bookhout, 1972. Long larval duration and/or low survival rates still impair the commercial rearing of most highly priced ornamental lobsters, caridean and stenopodidean shrimp. Knowledge of complete larval development in decapods is of vital importance for the evaluation of their rearing potential (Provenzano, 1985) . Nevertheless, the complete larval development of the majority of traded species is still unknown or known from plankton samples. If some decapod families display a rather similar number of larval stages (e.g., porcelain and spider crabs), others such as alpheids present a wide range of larval stages, even within the same genus. Although detailed descriptions of alpheid larvae are still missing or incomplete (Yang and Kim, 1999) , it is known that variable types of larval development occur: extended, abbreviated, and direct development (Knowlton, 1973) . Besides the importance for culture purposes, the knowledge of ornamental species' early life history is also of extreme value for researchers working on the phylogenetic relationships of problematic decapod groups (Williamson and Rice, 1996) .
Certain traded species have the remarkable ability to delay their larval development, considerably extending their larval period (see Gurney and Lebour, 1941) . Scyllarid and palinurid lobsters are the classical examples of decapods with prolonged larval life, a remarkable strategy for larval dispersal (Williamson, 1967) . Because of the research efforts on spiny lobster culture for human consumption (Kittaka, 1997a) , the development of suitable commercial culture methodologies for the most popular spiny lobsters in the marine aquarium trade (Justitia spp. and some Panulirus spp.) may soon be achieved. Additionally, the close Wilson et al., 1979;  12 Paula and Hartnoll, 1989 (partially from plankton); 13 Ocasionally. similarity of these larvae (Baisre, 1994) may allow culture improvements to be used for both groups. Calado et al. (2001) recorded the ability of Lysmata seticaudata (Risso, 1816) to delay larval development at certain larval stages through ''mark-time molting'' (as defined by Gore, 1985) . Fletcher et al. (1995) also noticed the ability of certain decapods to delay larval development after recording 210 days of larval duration for Stenopus hispidus (Olivier, 1811). However, Zhang et al. (1997) raised the larvae of the sympatric species Stenopus scutellatus Rankin, 1898, in only 43 days, highlighting once more the plasticity of certain larval groups during their development.
A wide range of decapod crustaceans, particularly caridean shrimp, are known to be symbiotic with several invertebrate and fish species (Bruce, 1975) . An important aspect that may condition the culture success of decapod species living in close association with invertebrates is the role of chemical cues released by the host organism in their larval development. Goy (1990) recorded the influence of chemical cues released by the host sea anemones of Periclimenes pedersoni Chace, 1958, and P. yucatanicus (Ives, 1891) in the settlement of late stage larvae and stressed the importance of such cues in the settlement of obligatory commensal decapods. The culture profitability of certain ornamental decapods can only be truly evaluated when their symbiotic relationships are understood (e.g., association between Trapezia spp. and hard corals; establishment of the association between boxer crabs, Lybia spp., and sea anemones of the genus Bunodeopsis). The culture of other obligatory commensal decapods (e.g., Allopontonia spp., Stegopontonia spp., and Tuleariocaris spp.) will be possible only if their hosts can be properly kept in captivity. Another widely known association from tropical and subtropical waters is that of alpheid shrimp and gobiid fish (Karplus et al., 1972) . Yanagisawa (1984) suggested that the shrimp/goby association is an obligate one and should occur soon after settlement. The importance of such associative behaviour in aquaculture has never been addressed. Rearing systems used to culture frail palinurid and scyllarid larvae (Illingworth et al., 1997; Kittaka, 1997b; Ritar, 2001) appear to be suitable for the culture of other decapod larvae. The system developed by Calado et al. (2003) , inspired by Greve's (1968) ''planktonkreisel'' and other larval spiny lobster culture systems, has proven to be suitable to raise caridean, stenopodidean, brachyuran, anomuran, and lobster larvae. In addition, this system allows larvae to be fed with nutritional prey (while assuring good water quality), to test settlement cues (by placing adult specimens or host organisms in the system head-tank), and to provide suitable settlement surfaces for late-stage larvae.
In the case of the expensive harlequin shrimp Hymenocera picta Dana, 1852, and H. elegans Heller, 1861, the main bottleneck impairing the culture of these species is the diet of juvenile and adult specimens, because they feed exclusively on sea stars.
Although hermit crabs are extremely popular in the aquarium hobby, the culture of these organisms will happen only if the capture of wild specimens is restricted. Several authors have stressed the factors conditioning the settlement of hermit crab megalopa (Harms, 1992; Harvey, 1996) . The main limitation for the commercial culture of these species is not their larval stages but the demand for a constant supply of specific and suitably sized shells (Worcester and Gaines, 1997) , one of the factors conditioning settlement and growth rates of hermit crabs (Bertness, 1981; Blackstone, 1985) . This tedious and time-consuming need of a constant shell supply would likely cause cultured hermits to be much more expensive than captured specimens.
The culture of ornamental brachyuran crabs (particularly the genus Mithraculus White, 1847) and anomuran porcelain crabs (particularly the genus Neopetrolisthes Miyake, 1937) is not as complex as the culture of popular lobsters and shrimp. The reduced number of larval stages (two zoeal stages and a megalopa, see Anger, 2001) , and consequent short larval stage duration, should be an appealing aspect for the commercial culture of these organisms. Although the commercial culture of the Caribbean king crab Mithrax spinosissimus (Lamarck, 1818) has been already attempted in the laboratory (Tunberg and Creswell, 1988) , no study has ever addressed the possibility of using similar methodologies to raise its ornamental relatives Mithraculus sculptus (Lamarck, 1818) and M. forceps A. Milne-Edwards, 1875. The main reason for the existence of such ''research bias'' towards ornamental shrimp and lobsters must be the low unitary value that most brachyuran and anomuran crabs command in the aquarium trade. A recent survey among marine ornamental commercial breeders in the U.S. revealed that Lysmata spp., Stenopus spp., Enoplometopus spp., and Hymenocera spp. were considered as ''the most desirable crustacean species to be reared'' (Martin A. Moe, Jr., personal communication) . In addition, certain hermit crabs (e.g., Clibanarius tricolor (Gibbes, 1850)) and majid crabs (e.g., Mithraculus sculptus), popular in the hobby as members of ''algae cleaning crews,'' can readily be harvested in considerable numbers, either by traders or hobbyists, in intertidal regions or shallow water accessible with snorkeling gear.
The ecological impacts associated with ornamental shrimp capture are still largely unknown. Some collection of ornamental decapods may have considerable impacts due to the large number of specimens captured and/or the special roles these species play in the natural ecosystem. Although Spotte (1998) questions the existence of cleaner shrimp, the ecological importance of cleaning symbiosis has long been claimed (see Losey, 1972; Jonasson, 1987; Côté, 2000) and has recently been experimentally confirmed for the genus Periclimenes O.G. Costa, 1844 (Kulbicki and Arnal, 1999) . The collection of large numbers of Lysmata spp., Stenopus spp., and Periclimenes spp. for display and fish cleaning may affect the health condition of several reef fish species. Another example of potential collection impact on reefs may be the capture of large numbers of harlequin shrimp, Hymenocera spp., because these shrimp are known to prey on the crown-of-thorns sea star, a known predator of corals (Talbot and Talbot, 1971) .
Though cyanide use for ornamental fish collection is now a widespread practice in the major marine ornamental exporting countries in Southeast Asia (Jones and Steven, 1997) , the physiological effects of this asphyxiant in decapod crustaceans and other invertebrate organisms in coral reefs are still unknown.
Although some countries have already implemented regulations of marine ornamental collection (e.g., Larkin et al., 2001) , decapod crustaceans are sometimes overlooked. Though common sense indicates that collection of wild decapod specimens must be reduced, the fact is that important studies on target species' biology are missing. In order to establish appropriate measures for the management of marine ornamental decapod capture, such as operating by species-based quotas or issuing a limited number of collection permits, information on target species' reproductive biology, growth, population structure, and recruitment must be analysed (see Bolker et al., 2002) . Nevertheless, reducing or banning the collection of decapod species, for which commercial culture protocols have been established, could certainly help minimise the impact of wild specimens harvest. Although European countries have no specific legislation on autochthonous ornamental decapod collection, the knowledge of the life-history aspects of several potential ornamental crustaceans from warm temperate and subtropical European waters can help on future legislation. The only suitable way to achieve a sustainable management of the collection of marine ornamental decapods, while continuing to solve the bottlenecks impairing these species' culture, is to promote a multidisciplinary cooperation between researchers working on larval biology, population dynamics, ecology, aquaculture, and fisheries.
